Abstract. p53, one of the most frequently mutated genes in colon cancer, suppresses cancer development through transactivation of its targets. Herein, we conducted a comprehensive analysis of the p53 downstream pathway in colorectal cancer by using multi-omics analysis. Mass spectrometric analysis of HCT116 p53 +/+ and HCT116 p53 -/-cells treated with adriamycin identified 124 proteins increased by DNA damage in a p53-dependent manner. Further screening using a cDNA microarray and the TCGA database revealed MICALL1 as a novel p53 target, and we identified functional p53 binding motifs located approximately 3000 base pairs upstream of the MICALL1 gene. MICALL1 expression was significantly decreased in colorectal cancer tissues with p53 mutation compared with those without p53 mutation. In response to DNA damage, MICALL1 co-localized with RAB8A and CD2AP at tubular recycling endosomes, whereas these proteins hardly localized at tubular recycling endosomes when p53 or MICALL1 expression was inhibited by siRNA. Our findings show that p53 regulates tubular recycling endosome biogenesis via transcriptional regulation of MICALL1, whose expression is frequently suppressed in colorectal cancer tissues.
Introduction
p53 is the tumor-suppressor gene most frequently mutated in various types of cancer. p53 is activated in response to cellular stress, thus resulting in expression of many genes and antitumor effects through regulation of the cell cycle, apoptosis and senescence (1). However, not only cell cycle arrest and apoptosis but also other mechanisms, such as metabolic regulation, are essential for p53-mediated tumor suppression (2) , thus suggesting the existence of unidentified p53 downstream pathways that play a crucial role in this process.
Colorectal cancer (CRC) is the third and second most common cause of cancer death in men and women, respectively, worldwide. The number of new cases and deaths in 2013 were estimated to be 1.6 million and 0.7 million, respectively (3) . Moreover, the average age at diagnosis is decreasing (4) . A multistep mutation mechanism drives normal colon mucosal cells toward CRC (5) . Causal genes include the tumor-suppressor genes adenomatous polyposis coli (APC), KRAS, and p53. Initially, APC is inactivated, and this is followed by activating mutation of KRAS; p53 mutation and loss of heterozygosity at chromosome 18q then induce early carcinoma. Accordingly, p53 mutations have been found in 50-75% of CRC cases (6) . In addition, p53 mutations are significantly associated with poor prognosis (7, 8) . Therefore, identification of p53 targets in colorectal cancer cells is an important step in understanding the molecular pathogenesis of CRC.
In this study, we analyzed multi-omics data for HCT116 p53 +/+ and p53 -/-colon cancer cell lines treated with Adriamycin and colon cancer data from the Cancer Genome Atlas Research Network (TCGA, https://tcgadata.nci.nih.gov/tcga/). Adriamycin was used for genotoxic stress to activate p53 in many cell lines including HCT116 cells in previous studies (9) (10) (11) . Therefore, we used HCT116 cells and Adriamycin in this study. Our analyses identified MICALL1 (Molecule Interacting with CasL-like 1) as a novel p53 target. MICALL1, together with EHD1 and RAB8A, has been found to affect membrane tubulation of recycling endosomes (12) . Herein, we explored the association between tubular recycling endosome biogenesis and the p53-MICALL1 pathway in the DNA damage response.
Materials and methods
Cell culture and treatment. Human cancer cell lines HCT116 (colorectal adenocarcinoma) and H1299 (non-small cell lung Regulation of tubular recycling endosome biogenesis by the p53-MICALL1 pathway cancer) were purchased from American Type Cell Collection (Rockville, MD, UsA). HCT116 p53 +/+ and HCT116 p53 -/-cells were gifts from Dr B. Vogelstein (johns Hopkins University, Baltimore, MD, UsA). Human embryonic kidney cells (HEK293T: a subclone of HEK293 cells engineered to express the sV40 large T antigen) were purchased from Riken Cell Bank (Ibaraki, japan). Cells were incubated in a 37˚C incubator containing 5% CO 2 . HEk293T cells were transfected with Fugene6 (Promega, Madison, wI, UsA). small interfering RNA oligonucleotides were purchased from sigma Genosis (woollands, Tx, UsA) and transfected with Lipofectamine RNAiMAX reagent (Invitrogen). we generated and purified replication-deficient recombinant viruses expressing p53 (Ad-p53) or Lacz (Ad-Lacz), as previously described (13) . H1299 (p53-null) cells were infected with viral solutions at various multiplicities of infection (MOIs) and incubated at 37˚C until being harvested. HCT116 cells were treated with 2 µg/ml ADR for 2 h to induce genotoxic stress.
Mass-spectrometry and proteome data. HCT116 p53 +/+ or p53 -/-cells were harvested at 12, 24, 48, or 72 h after adriamycin (ADR) treatment or no treatment as control. Cells were lysed in buffer [8 M urea, 50 mM HEPEs-NaOH, pH 8.0], and proteins were reduced with 10 mM Tris (2-carboxyethyl) phosphine (sigma-Aldrich, st. Louis, MO, UsA) at 37˚C for 30 min, then subjected to alkylation with 50 mM iodoacetamide (sigma-Aldrich) at 25˚C in the dark for 45 min. The proteins were then digested with immobilized trypsin (Thermo Fisher scientific, Bremen, Germany) at 37˚C for 6 h. The resulting peptides were desalted with solid phase extraction (Oasis HLB µ-elution plate, waters Corp., Milford, MA, UsA) and analyzed by mass spectrometer (Linear Trap Quadropole Orbitrap Velos mass spectrometry, Thermo Fisher scientific) combined with liquid chromatography (UltiMate 3000 RsLC nano-flow HPLC system, DIONEX Corporation, sunnyvale, CA, UsA). The LC/Ms spectra were searched against the Homo sapiens protein sequence database in swissProt using proteome analysis software (Proteome Discoverer 1.4 software, Thermo Fisher scientific); a false discovery rate of 1% was set for both peptide and protein identification filters. Differential peptide quantification analysis (label-free quantification analysis) for 10 samples was performed on the Expressionist server platform (Genedata AG, Basel, switzerland), as previously described (14) . The fold change after ADR treatment was calculated with the following formula: f1 = Median peak intensity in [ For the proteome analysis, we analyzed 47,534 peaks (derived from 22,276 genes) on the basis of the following criteria: fold induction >2 and p<0.05. Candidates demonstrating at least one peptide satisfying the criteria were included.
cDNA microarray and transcriptome data. Gene expression analysis was carried out using microarray kit (sure print G3 Human GE 8x60 K microarray, Agilent Technology, santa Clara, CA, UsA) according to the manufacturer's protocol. Briefly, HCT116 p53 +/+ and p53 -/-cells were treated with 2 µg/ml ADR and incubated at 37˚C until being harvested.
Total RNA was isolated from the cells through standard protocols. Each sample was labeled and hybridized to array slides.
The fold change after ADR treatment was calculated with the following formula: f2 = In the transcriptome analysis, we filtered 62,976 peaks (derived from 24,220 genes) on the basis of the following criteria: fold induction >2 and p<0.05. Genes demonstrating at least one probe satisfying the criteria were included.
TCGA analysis. MICALL1 expression and p53 mutation status in colorectal tumor samples were obtained from the Cancer Genome Atlas (TCGA) project by using cBioPortal. The expression levels of four sample categories, normal tissues (n=41), tumor tissues (n=389), tumor tissues with wild-type p53 (n=149), and tumor tissues with mutant p53 (n=114), were compared using Mann-whitney U tests. we filtered candidates on the basis of the following criteria: i) a median expression level of normal tissues higher than the median expression level of tumor tissues (p<0.05); ii) a median expression level of p53 wild-type tumor tissues higher than the median expression level of p53 mutant tumor tissues (p<0.05). All analyses were performed with the EzR program (15) .
Plasmid construction. cDNA fragments of MICALL1 or CD2AP amplified with KOD-plus DNA polymerase (Toyobo, Osaka, japan) were cloned into the pCAGGs expression vector. The primers used for amplification are shown in Table I . Table I . The PCR cycling condition were as follows: initial melting at 95˚C for 5 sec, followed by 45 cycles at 55˚C for 10 sec and 72˚C for 10 sec. Analysis of the melting curve for the primers was conducted to confirm the specificity of the PCR product.
Western blot analysis. Cells were harvested and lysed with RIPA buffer containing 1 mM PMsF, 0.1 mM DTT, and 0.1% Calbiochem Protease Inhibitor Cocktail set Ⅲ, EDTA-free (Merck Millipore, Darmstadt, Germany). The lysed samples were sonicated with a 30 sec on/30 sec off cycle for 15 min with a Bioruptor UCD-200 (Cosmobio, Tokyo, japan). The cell lysates were centrifuged at 14,000 x g for 15 min and boiled after addition of sDs sample buffer (Bio-Rad, Hercules, CA, UsA). Each sample was separated by sDs-PAGE and transferred to nitrocellulose membranes that were blocked using 5% skim milk (198-1-605, wako Pure Chemical Industries, Tokyo, japan). Membranes were incubated at 4˚C overnight with a mouse monoclonal anti-MICALL1 antibody (1:100, sc-398397, santa Cruz Biotechnology, santa Cruz, CA, UsA), a rabbit monoclonal anti-CD2AP antibody (1:100, sc-9137, santa Cruz Biotechnology), a rabbit monoclonal anti-FLAG antibody Co-immunoprecipitation. Protein-protein interactions were investigated by co-immunoprecipitation experiments. HA-tagged MICALL1 proteins and FLAG-tagged CD2AP proteins were expressed in HEK293T cells with Fugene6 (E2692, 30 µl per dish, Promega). The cells were harvested after 36 h of transfection and lysed for one hour with 0.5% NP40 buffer containing 50 mM Tris pH 7.4, 150 mM NaCl and protease inhibitor cocktail. whole cell extracts were subjected to immunoprecipitation overnight with anti-Flag (sigma-Aldrich) and anti-HA (sigma-Aldrich) antibodies cross-linked to agarose beads at 4˚C. Endogenous protein interactions in HCT116 p53 +/+ cells were also assessed by immunoprecipitation experiments using an anti-MICALL1 antibody (santa Cruz Biotechnology). HCT116 p53 +/+ cells were incubated in 100-mm dishes and treated with 2 µg/ml ADR. After incubation for 48 h, the cells were harvested and lysed for one hour with the same buffer cocktail described above. The samples were incubated overnight with a mouse anti-MICALL1 antibody at 4˚C. The exogenous and endogenous immunoprecipitates were separated by sDs-polyacrylamide gel electrophoresis (sDs-PAGE) and immunoblotted using antibodies against MICALL1 and CD2AP.
Gene reporter assay. A DNA fragment including two potential p53 binding sequences of MICALL1 was amplified and cloned into the pGL4.24 vector (Promega). For mutagenesis, point mutations were introduced with site-directed mutagenesis at the 4th and 14th nucleotides (C to T mutations) and the 7th and 17th nucleotides (G to T mutations) within the consensus p53 binding sequence (16). Reporter assays were performed using a Dual Luciferase Assay system (pGL3-promoter) (Promega) or Dual-Glo Luciferase Assay system (pGL4.24) (Promega), as previously described (17) . The sequences of the primers used for amplification and site-directed mutagenesis are shown in Table I . Cells were not treated with Adriamycin in this experiment.
Chromatin immunoprecipitation assay. we carried out a Chromatin immunoprecipitation (ChIP) assay with an EZ-Magna ChIP G Chromatin Immunoprecipitation kit (Merck Millipore), per the manufacturer's protocol. H1299 cells (1x10 6 cells per samples) infected with Ad-p53 or Ad-Lacz at a MOI of 10 were cross-linked with 1% formaldehyde for 10 min, washed with PBs, and lysed using nuclear lysis buffer. The sample lysates were sonicated with a Bioruptor UCD-200 (CosmoBio), and DNA was sheared to 200-1000 base pair. Each sample was immunoprecipitated with an anti-p53 antibody (OP-40; Merck Millipore) or normal mouse IgG (sc-2025; santa Cruz Biotechnology). Columnpurified DNA was quantified by qPCR. Cells were not treated with Adriamycin in this experiment. Immunocytochemistry. HCT116 p53 -/-or p53 +/+ cells were grown on cover glasses, transfected with Lipofectamine RNAiMAX (Thermo Fisher scientific) for 36 h and fixed with 4% paraformaldehyde (163-20145-500 ml, wako) for 10 min. The fixed cells were permeabilized with 0.2% Triton X100 in PBs (both from sigma-Aldrich, ref X100-6X500ML and P4417-100TAB, respectively) for 5 min. Cells were blocked with blocking buffer [0.2% Triton x-100 and 3% BsA (bovine serum albumin, 001-000-162, Jackson Immunoresearch Laboratories, Inc., west Grove, PA, UsA), in PBs 1X] for 1 h. After that, cells were incubated with mouse monoclonal anti-MICALL1 antibody (1:50, sc-398397, santa Cruz Biotechnology) and rabbit monoclonal anti-CD2AP antibody Colony formation assay. HCT116 cells were plated at 1x10 4 cells per 35-mm culture well one day before transfection with MICALL1. On the second day after transfection, the culture medium was replaced by one containing 0.5 mg/ml G418 (G-418 sulfate, 070-05183, wako) every 2 days. surviving colonies were fixed with methanol and stained with 1% crystal violet, and visible colonies were counted.
Results
Induction of MICALL1 by cellular stress. To identify novel p53 targets that play important roles in colorectal carcinogenesis, we previously performed transcriptome and proteome analyses using HCT116 p53 +/+ and p53 -/-cells (18, 19) . After treatment with 2 µg/ml ADR for 2 h, cells were harvested at different time points; i.e., 12, 24, 48 and 72 h (72 h only for samples used for mass spectrometry). Cells without ADR treatment were used as controls. we identified 124 candidates on the basis of the proteome analysis at f1 >2 (p<0.05, Table II ) and 523 candidates on the basis of the transcriptome analysis at f2 >2 (p<0.05, Table III) . Ultimately, we identified 28 genes through mass spectrometry and microarray screening.
we then further screened these 28 genes by using a TCGA dataset consisting of 624 colorectal tumor samples. we selected genes as follows; i) significantly (p<0.05) higher expression in normal colon tissues than in tumor tissues and ii) significantly (p<0.05) higher expression in tumor tissues with wild-type p53 than in tissues with mutant p53 (Fig. 1) .
As a result, two novel p53 targets (MICALL1 and APOBEC3C) and three known p53 targets (CDKN1A, FAs, TP53I3) were identified in our screening (Fig. 1B) . Among the two novel candidates, induction of MICALL1 was validated by both qPCR and western blotting ( Fig. 2A and B) . Therefore, 
we selected MICALL1 for further analysis. we also found that MICALL1 was induced in H1299 cells infected by Ad-p53 but not in Ad-Lacz-infected cells (Fig. 2C) .
To evaluate the effect of p53 activation on MICALL1 expression, we analyzed the expression of MICALL1 using HCT116 cells treated with Nutlin-3a (inhibitor of MDM2) that +/+ and HCT116 p53 -/-cells were harvested at the indicated times after 2 µg/ml adriamycin (ADR) treatment for 2 h. whole cell lysate samples were subjected to mass spectrometry and DNA microarrays. These data as well as TCGA colorectal data were analyzed. Two novel p53 targets and three known p53 targets were identified by the screening. we then performed immunocytochemical analysis using HCT116 p53 +/+ and p53 -/-cells under ADR treatment (Fig. 3) . without ADR treatment, expression of MICALL1 was very low in both types of cells. However, in response to ADR treatment, MICALL1 was induced at the cytoplasmic tubular structure only in HCT116 p53 +/+ cells.
MICALL1 is a direct target of p53.
To investigate whether MICALL1 is a direct target of p53, we searched for the p53 -/-or p53 +/+ cells harvested at 48 h after 0.5 µM ADR or 10 µM nutlin-3a treatment for 2 h. β-actin was used for normalization of expression levels. Error bars represent the sD (n=2).
binding motif (16) within the MICALL1 locus and found two potential binding sequences (p53Bs1, p53Bs2) in the approximately 3000 base pair of 5' flanking sequence (Fig. 4A) . A 151-base pair DNA fragment (p53Bs1+2) including two p53 binding sequences was amplified and cloned upstream of the minimal promoter in the pGL4.24 vector (pGL4.24/p53Bs1+2). The reporter assays showed increased luciferase activity in H1299 cells transfected with pGL4.24/p53Bs1+2 in the presence of a plasmid expressing wild-type p53 (Fig. 4B) . However, base substitutions in p53Bs (pGL4.24/p53Bsmut1, pGL4.24/p53Bsmut2) decreased the observed enhanced luciferase activity.
To verify whether p53 directly bound to p53Bs, we performed a ChIP assay using H1299 cells infected with either Ad-p53 or Ad-Lacz. After precipitation with an anti-p53 antibody, the DNA fragment containing p53Bs1 was quantified by qPCR, which showed that p53 specifically bound to p53Bs1 in cells infected with Ad-p53 (Fig. 4C) . Thus, we concluded that p53 regulates MICALL1 expression through p53Bs in the 5' flanking region of the MICALL1 gene.
Role of MICALL1 in the p53 pathway. To further investigate the role of MICALL1 as a p53 downstream target, we screened MICALL1-interacting proteins by LC-Ms analysis. MICALL1 was immunoprecipitated from cell lysates of HEk293T cells transfected with the MICALL1 expression plasmid. The protein complex including immunopurified MICALL1 was analyzed by sDs-PAGE and subsequent silver staining. A protein band at approximately 75 kDa, which was abundant in the protein complex including MICALL1, was subjected to LC-Ms analysis. The results indicated that CD2AP is likely to bind MICALL1 (Fig. 5A and B) . Interaction between CD2AP and MICALL1 was confirmed by western blotting (Fig. 5C) . we also confirmed the interaction by using lysates from HEK293T cells overexpressing FLAG-MICALL1 and HA-CD2AP. Moreover, this interaction between endogenous +/+ and p53 -/-cells. HCT116 p53 +/+ and p53 -/-cells were grown on cover slips and treated with 2 µg/ml Adriamycin for 2 h. At 48 h after ADR treatment, cells were then fixed, and MICALL1 was detected using a monoclonal anti-MICALL1 antibody followed by an anti-mouse antibody.
MICALL1 protein and CD2AP was observed in ADR-treated HCT116 cells (Fig. 5D) .
Regulation of tubular recycling endosomes (TREs) by the p53-MICALL1 pathway. MICALL1 has been reported to be a marker of TREs, which are essential for the recycling of receptors and lipids to the plasma membrane (20) . MICALL1 has also been reported to recruit RAB8A, a protein related to vesicle-mediated transport, to TREs (21) . since MICALL1 was found at tubular structure in the cytoplasm after DNA damage, we investigated the subcellular localization of CD2AP and RAB8A in HCT116 p53 +/+ cells ( Fig. 6A and B) . Initially, we determined the localization of CD2AP and RAB8A after DNA damage. HCT116 p53 +/+ cells were grown on coverslips and treated with 2 µg/ml ADR; 48 h later, CD2AP and RAB8A exhibited a tubular-like distribution with MICALL1 ( Fig. 6A-1, 2, and B-1, 2) . Thus, CD2AP and RAB8A exhibited altered cytoplasmic localization to TREs after DNA damage.
Next, we tested whether p53 or MICALL1 knockdown changed the localization of CD2AP and RAB8A after DNA damage (Fig. 6C) . At 48 h after ADR treatment, cells were fixed, and MICALL1 and CD2AP or RAB8A was identified with antibodies. According to the results, their localization change did not occur in p53 or MICALL1-knockdown cells (Fig. 6A-4, 5, 6 , and B-4, 5, 6). According to the above results, MICALL1 is involved in TRE regulation in the response to DNA damage.
MICALL1 and CD2AP regulate cell proliferation. To investigate the role of MICALL1 in cell proliferation, we performed a colony formation assay using HCT116 cells and found a significant decrease in colony counts for cells transfected with MICALL1 compared with cells mock transfected with the vector (Fig. 6D) . Furthermore, ectopic expression of CD2AP also repressed cell growth like MICALL1 expressing cells (Fig. 6D) . These results indicated that MICALL1 would suppress tumor cell growth through the regulation of CD2AP.
Discussion
In this study, we identified MICALL1 as a novel p53 downstream target by using multi-omics analysis. Moreover, we identified CD2AP as a protein that interacts with MICALL1. In response to DNA damage, MICALL1, CD2AP, and RAB8A co-localize at tubular-like structures in the cytoplasm in a p53-dependent manner.
Endocytosis, a process that transports materials such as membrane proteins to membrane vesicles, regulates cell signaling to adjust receptor trafficking (22) and has many functions in cell migration, polarity, adhesion, differentiation, apoptosis, and autophagy (23) (24) (25) . Endocytosis is also dysregulated in cancer. For example, HER2 inhibits endocytic degradation of CxCR4 and induce lung metastasis in breast cancer (26) . Moreover, Rab25 changes the localization of integrin and consequently enhances invasion of cancer cells (27) .
TREs are related to 'slow-recycling' (28). MICALL1 was identified as a member of a family of proteins that interact with the focal adhesion plaque protein CasL (29) . MICALL1 and syndapin2 promote tubulation of recycling endosomes with phosphatidic acid (PA) and elongate tubules to the plasma membrane (20) . MICALL1 also guides EHD1 to TREs (12) and regulates mitosis with EHD1 (30) . Thus, MICALL1 is considered to be a regulator of TREs (12) . However, the role of MICALL1 in colorectal cancer has not been reported to date.
we found that ectopic expression of MICALL1 significantly inhibited the proliferation of HCT116 colorectal cancer cells. MICALL1 expression is suppressed in colorectal cancer with p53 mutations (Fig. 1B) . Moreover, the p53-MICALL1 pathway is essential for translocation of CD2AP to TREs in response to DNA damage. CD2AP was identified as a scaffold protein expressed on the surface of T-lymphocytes and antigenpresenting cells, and it regulates receptor trafficking among endosomes as an effector of the small GTPase Rab4 (31). Furthermore, CD2AP promotes EGFR degradation with Cbl (32) , and MICALL1 has also been shown to retain EGFR in late endosome (33) . Although the relationship between TREs and cancer is not yet clear, the p53-MICALL1 pathway appears to exert an antitumor effect via regulation of receptor trafficking.
several endosomal proteins, such as CAV1, TsAP6, CHMP4C and DRAM1, have previously been shown to be p53 targets (24, 25, 34, 35) . However, the role of p53 in recycling endosomes has not been reported. Although the molecular mechanism by which MICALL1 regulates colorectal tumor cell growth should be elucidated in the future, our findings indicate the regulation of TREs occurs through the p53-MICALL1 pathway. HEK293T cells were transfected with FLAG-mock and FLAG-MICALL1, and the samples were immunoprecipitated with anti-FLAG followed by G-sepharose beads. silver staining was then performed. Briefly, gels were fixed with 40% ethanol/10% acetic acid for 20 min. After several changes of 30% ethanol and water, the gels were sensitized by incubation in silver nitrate for 10 min and thorough rinsing with water. The gels were developed with developing solution, and the reaction was terminated with stop solution. All gel bands were stored at -20˚C prior to mass spectrometry. HEK293T cells were not treated with Adriamycin (A-C). (B) western blotting for confirmation. Using the samples as in (A), the blots were probed with anti-CD2AP and anti-FLAG antibodies, as indicated. (C) Immunoprecipitation of ectopically expressed MICALL1-CD2AP complex. HEK293T cells were transfected with HA-MICALL1 and FLAG-CD2AP. MICALL1 and CD2AP were immunoprecipitated with anti-HA or anti-FLAG, respectively, followed by G-sepharose beads; blots were probed with anti-HA or anti-FLAG, as indicated. The data shown are representative of two independent experiments. (D) Immunoprecipitation of endogenous MICALL-CD2AP complex. HCT116 p53 +/+ cells were treated with 2 µg/ml Adriamycin. MICALL1 and CD2AP were immunoprecipitated with anti-MICALL1, followed by G-sepharose beads; blots were probed with anti-MICALL1 or anti-CD2AP, as indicated. The data shown are representative of two independent experiments. +/+ cells were grown on cover slips and transiently transfected with siMICALL1, si-EGFP or si-p53. Cells were treated with 2 µg/ml of ADR for 2 h and then incubated in normal medium for 48 h. The cells were then fixed, and MICALL1 and CD2AP were identified with a monoclonal anti-MICALL1 antibody followed by an anti-mouse IgG antibody; endogenous CD2AP was identified with an anti-CD2AP antibody followed by an anti-rabbit IgG antibody. (B) HCT116 p53 +/+ cells were grown on cover slips and transiently transfected with siMICALL1, si-EGFP or si-p53. The cells were treated with 2 µg/ml of ADR for 2 h and then incubated in normal medium for 48 h. The cells were then fixed, and MICALL1 and RAB8A were detected by a monoclonal anti-MICALL1 antibody followed by an anti-mouse antibody; endogenous RAB8A was identified with an anti-RAB8A antibody followed by an anti-rabbit antibody. (C) HCT116 p53 +/+ cells grown in 100-mm dishes were either mock treated or treated with siRNA against EGFP, p53, and MICALL1. The cells were treated with 2 µg/ml of ADR for 2 h and then incubated in normal medium for 48 h. After lysis, proteins were separated by sDs-PAGE, transferred to nitrocellulose membranes and immunoblotted with anti-MICALL1, anti-p53, anti-p21 and anti-β-actin antibodies. (D) Colony formation by HCT116 cells. Expression of MICALL1 blocked the growth and colony counts of HCT116 cells; colony formation was measured using a colony formation assay. The number of colonies was counted at 11-20 days after transfection. Values are the averages ± sDs of duplicate experiments.
